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(54) PrplMil* rMbtant thleld tor protietiv* garmants 



(57) A laminar material which Is resistant to tha Impact of projacttlas, sspsclally ballistics, and ahaip Instruments, comprises 
a plurality c( layers of textile fabric and at least one layer comprising fibres which are perpendicular to the plane of the said 
textile fabric layare. Preferably, the fibres 4 are located between and attached to, a pair cf textile fabric layers 3, 4, this 
assembly being janiinaled nvllh iuilhsr tenllle fabric layers 1 . Many ottier arrangements are envisaged, including tha 
provlilon af mare than one perpendicular flbrt layer. One or mora of the layers may be Impregnated with rasin and other 
layera may be provided eg of aramie, acrylic rasIn, aluminium, titanium, steal or glass plate; wira mesh, dosed-cell foam etc 
Tha mrterial may be incoiporated bUo anil baihUc garmanta. 
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Proteetlve shield 

The present Inventloii relates to protective 
shields, and In particular to protective shields 
which can be Incorporated In clothing to provided 
body armour. 

Body araour typically consists of layers of 
textile fabric aaterlal foraed from fibres of high 
tensile strength, for ezaaple aranid fibres. The 
layers of fabric are arranged in an order that should 
cause a ballet or other projectile to anshrooa and/or 
fragnent so as to deliver up its kinetic energy to 
the fibres, the resultant effect on the layers of 
fabric vhen say a ballet is stopped Is to cause an 
Indentation on the backfaee of the body araour, that 
Is the side of the body araour which faces towards 
the waarar. The depth and dlaaeter of this backfaee 
indentation is an aeeapted aeasore of the trauaa 
Inflicted upon a huaan body protected by the body 
araour. Ihe trauaa can be reduced by Introducing 
separate 'trauaa* packs foraed froa for ezaaple foaa, 
plastics, feathers and felt between the body araour 
and the wearer's body. The effectiveness of body 
araour and trauaa packs can be enhanced by grading 
the various layers of tactile fabric - into degrees of 
coarseness of weave, coatings of resin, and/or the 
Introduction of adheslves. The layers of fabric are 
deforaed to varying degrees depending upon their 
distance froa the strike face, that Is the aurfaee of 
the armour struck by the projectile. 

Three dimensional fabrics are known which 
comprise two parallel layers of fabric Interconnected 
by a dense mass of fibres extending perpendicular to 
the two layers and secured to both of the layers. One 
such commercially available fabric Is fabricated froa 
polyester yam. One of the suggested usss of this 
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■atarlal Is as a eoshloiilng utaxlal, fox axaaple In 
running shoes. The suggested uses axe •■■entlally 
conearaed with absoxbing shocks applied to a saxface 
(the Insole of a xunning shoe) as a xesvlt of the 
impact on the running shoe on another surface (the 
road surface). No suggestion has been aade that this 
■atexlal can prorlde significant eaahloning against 
the effects of a stxlka hj a saall object such as a 
bullet. 

Iha conventional appxoach to body axmoui has 
been to assume that fibres Incorporated In the armour 
should extend perpendicular to the strike face so as 
to 'spread' the lapaet of the projectile on the 
stxifce surface avay from the point of impact. It has 
now surpilsingly been discovered that an altexnatlTe 
appxoach can pxoTided better results. 

Aecoxdlng to the pxesent invention there is 
provided a pxoteetive shield eoapxising first and 
second layers of textile aaterlal arranged 
substantially parallel to each other, a plurality of 
taztile fibres extending perpendicular to and 
connected to both of the first and second layers, and 
a plurality of fuxthax layexs of textile aatexlal 
eoapxlaiag fibxes ezteading parallel to the said 
first and second layers. 

A pxojectile hitting a protective ishleld as 
defined above is in effect txavelling paxallel to the 
fibres extending perpendicular to the first and 
second layers. Intuitively one might expect that such 
an arrangeaeat would pxovided less xesistanee to 
penetration than an equivalent aass of fibres 
extending perpendicular to the direction of action of 
the projectile. In practice however it has been found 
that this ia mot the ease, possibly because of the 
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■pace In between the first and second layers. 

The aBOODt of energy absorbed as a result o£ the 
collapse of the fibres extending between the first 
and the second layers is a function of fibre length, 
fibre Baterlal. fibre density and the aechanlcal 
properties of the first and second layers. Preferably 
the conblned structure of the first and second layers 
and the fibres extending therebetween (hereinafter 
"the aatrlx") has a thickness of from 1 to 10 
■lllimetres and its characteristics are deternlned by 
heat treatnent, lapregnatlon with resin, adhesive 
joining to a parallel aatrlx (which aaybe haTa a 
different structure) or the joining by adheslTe or 
other asans to other layers of voTen, knitted or 
felted fabrics. 

tests have shown that the aboTe systea Is 
effectlTS In reducing ttauaa and also Is highly 
cost-ef feetlve as it rednees , the nuaber of textile 
layers of high tensile-strength fibres required for a 
predateralned penetration resistance. Purthernnorei 
effective araour can be produced which Is relatively 
light, works effectively when wet, and Is buoyant in 
water. These ere laportant practical advantages In 
use. 

A typical araour structure night consist of six 
or aore layers of araald fibre woven to fora a 
textile cloth and one or aore layers of the natrix. 
The aatxiz could be fabricated froa polypropylene 
fibres with a density of 0.90 c/ca3, that Is lighter 
than water. The overall ratio of araald to aatrlx Is- 
deteralned to give the required ballstte Integrity 
and also buoyancy In water. Buoyancy of the systea 
can be further laproved if polyethylene woven fibre 
Is used, such as that sold under the trade naaea 
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DyneeBS SK60 or Spectra, hsvlng a quoted deaalty of 
0.97g/cB3, and a matrix containing polypropylene 
fibres and/or polyethylene fibres. The arnour nay 
coaprlse alztnres of rarlous fabrics woven, knitted 
or felted froa araald, polyethylene, glass, nylon or 
polyamlde fibres, or other such fabrics both la the 
aatrlx or la the other layers. 

Testa have shown that the protective shield In 
accordance with the Invention la effective In 
stopping projectiles end also attacks by sharp 
Instruments such as knives, resistance to penetration 
by knives being eahanced if the aatrlx Is treated 
with a rasln and/or heat. Purther laproveaents to 
penetration resistance can be achieved If the 
protective shield has Incorporated within It woven 
glass reinforced aodifled acrylic resla. 

If It Is desired to provide a protective shield 
which Is capable of stopping high velocity or low 
velocity araour piercing bullets a eeraalc plate, 
glass plate or netalllc plate may be Introduced Into 
the shield on or adjacent the strike face on the 
shield. Such plates aay have a coaposlte textile 
backing. Tests have shown that a plate fixed directly 
onto a matrix layer at the strike face of the shield 
and aounted using spoxy, vlnylestar, polyester rasln 
or adheslves proved an effective defence against high 
velocity and . araour piercing low velocity bullets. 
However, If such plates are Incorporated It is 
advisable to Introduce la addition s closed-call foaa 
layer to aaiataia buoyancy in water. 

Six embodiments of the present Invention will 
aow be described, by way of example, with reference 
to Figures 1 to 6, each eabodlaeat of the invention 
as Illustrated being intended for use with the 
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left-hand side of the structure In the drawings 
facing the direction fron which it la expected that 
projectiles will be fired. 

With reference to Figure 1, this shows a 
structure comprising aulti-layers of araald fibre 1 
positioned in front of a aatrlx coaprlalng a first 
layer 2, a second layer 3, and a aass of fibres 4 
extending perpendicular to the layers 2 and 3, the 
fibres 4 being secured to both of the layers 2 and 3. 

Referring to Figure 2, this shows a similar 
arrangement to that of Figure 1 with the provision of 
a further matrix layer 5 identical to that comprising 
components 2, 3 and t. 

With regard to Figure 3> this shows an 
embodiment comprising four layer i 6, 7, 8 and 9 of 
woven aramld fibres between which are sandwiched 
three matrix layers 10, 11 and 12. 

Referring to Figure 4 this arrangement is 
similar to that of Figure 3 except for the omission 
of the matrix layer 12 and the aranid fibre layer 9. 

Referring to Figure S, this shows a protective 
shield comprising a layer of woven aramld fibres 13 
sandwiched between a natrlx 14 and a front layer of 
woven glass reinforced modified acrylic resin 15. 

Referring to Figure 6, this shows a protective 
shield comprising two layers 16 and 17 of woven 
aramld fibres, two matrix layers 18 and 19, and a 
front layer 20 of earamie, glass or metal tile 
material. Such a shield provides an effective defense 
against high velocity or low velocity armour piercing 
bullets. 

Referring to the described embodiments in which 
the woven layers are referred to as being fabricated 
from aramld fibres, it will be appreciated that 
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alteznatlTe antl-balllstte textile fibres najr be 
need, for example polyethylene, glass, polypropylene, 
polybensothlazole, nylon or polyamlde. Slallar 
materials say be used to £orB the various aatrix 
layers comprising first and second layers 
interconnected by fibres connected to both of those 
first and second layers. Ihe fibres of the matrix 
layer or layers nay be impregnated vltb resin and/or 
subjected to heat treatments. Ihe or one of the 
matrix layer may be adheslTely secured to adjacent 
layers and/or sewn to adjaceat layers. Different 
textile fibres may be used in a single matrix layer 
and the or one of the matrix layers may be faced with 
a plastics material. As a farther protection against 
projectile penetration a vire mesh layer may be 
incorporated In the shield. 
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CLAIMS; 

1. A shield for protection against projectiles and sharp 
instruments, comprising a plurality of parallel layers of textile fabric 
and at least one further layer composed of fibres which are substantially 
perpendicular to the plurality of layers of textile fabric. 

2. A shield according to claim 1, in which the textile fabric is 
farmed from fibres of aramid, polyethylene, glass, polypropylene, 
polybenzotliiazole, nylon or polyamlde. 

3. A shield according to claim 1 or 2, in which the fibres of the 
said at least one further layer are formed from aramid, polyethylene, 
glass, polypropylene, polybensothiasole, nylon or polyamlde. 

4. A shield according to any preceding claim, wherein the fibres 
of the said at least one further layer are impregnated with resin. 

5. A shield according to any preceding claim, wherein the fibres 
of the said at least one further layer are heat treated. 

6. A shield according to any preceding claim, wherein the said at 
least one further layer is adhesivBly attached to one or mora of the 
layers of textile fabric. 

7. A shield according to any preceding claim, wherein said at least 
one further lajrer Is eewn or attached by flexible staples to one or more 
of the layers of textile fabric. 

8. A shield according to any preceding claim, wherein a plurality 
of said further layers are interleaved with layers of said textile fabric. 

9. A sliield according to any preceding daim, wherein said at least 
one further layer compriBeB different textile fibres. 

10. A shield according to any preceding claim, wherein said at 
least one further layer is faced with a plastics oiateriaL 

11. A shield according to any preceding daim, wherein the textile 
fabric layers comprise different textile fibres. 

12. A shield according to any preceding claim, wherein the textile 
fabric layers eooiprise di&erent constructions. 

13. A shield according to any preceding claim, wliereln at least 
one of the fabric layers is impregnated with resin. 

14. A shield according to any precatUng daioi, wherein at least 
two of the fabric layers are adhesively bonded together. 
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15. A shield according to any preceding daim, wherein the shield 
is inherently bouyant. 

16. A shield according to any preceding claim, coinpilaing at least 
one cerandc. modified acrylic resin, aluminium, titanium, steel or glass 
plate. 

17. A shield according to any preceding claim, comprising a wire 
ffleab incorporated within its structure. 

18. A shield according to any preceding dqim, coinpiislng a 
closed-cell foamed plastic or elastomerlc material incorporated within its 
structure. 

19. A shield according to any preceding claim, comprising a fabric 

cover. 

20. A shield substantially as hereinbefore described with 
reference to the acconipanying drawings. 
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